Synthetic biology is revolutionizing how we conceptualize and approach the engineering of biological systems. Recent advances in the field are allowing us to expand beyond the construction and analysis of small gene networks towards the implementation of complex multicellular systems with a variety of applications. In this talk I will describe our integrated computational/experimental approach to engineering complex behavior in a variety of cells, with a focus on mammalian cells. In our research, we appropriate design principles from electrical engineering and other established fields. These principles include abstraction, standardization, modularity, and computer-aided design. But we also spend considerable effort towards understanding what makes synthetic biology different from all other existing engineering disciplines and discovering new design and construction rules that are effective for this unique discipline. We will briefly describe the implementation of genetic circuits and modules with finelytuned digital and analog behavior and the use of artificial cell-cell communication to coordinate the behavior of cell populations. The first system to be presented is a genetic circuit that can detect and destroy specific cancer cells based on the presence or absence or specific biomarkers in the cell. We will also discuss preliminary experimental results for obtaining precise spatiotemporal control over stem cell differentiation for tissue engineering applications. We will conclude by discussing the design and preliminary results for creating an artificial tissue homeostasis system where genetically engineered stem cells maintain indefinitely a desired level of pancreatic beta cells despite attacks by the autoimmune response, relevant for diabetes. 
For his work in synthetic biology, Weiss has received MIT's Technology Review Magazine's TR100 Award ("top 100 young innovators ", 2003) , was selected as a speaker for the National Academy of Engineering's Frontiers of Engineering Symposium (2003) 
Abstract:
Unfortunately, the problem of determining whether a program is correct is undecidable. Programanalysis and verification tools sidestep the tar-pit of undecidability by working on an abstraction of a program, which over-approximates the behavior of the original program. The theory underlying this approach is called abstract interpretation. Abstract interpretation provides a way to obtain information about the possible states that a program reaches during execution, but without actually running the program on specific inputs. Instead, it explores the program's behavior for all possible inputs, thereby accounting for all possible states that the program can reach. Operationally, one can think of abstract interpretation as running the program "in the aggregate". That is, rather than executing the program on ordinary states, the program is executed on abstract states, which are finite-sized descriptors that represent collections of states.
However, there is a glitch: abstract interpretation has a well-deserved reputation of being a kind of "black art", and consequently difficult to work with. This talk will describe a twenty-year quest address this issue by raising the level of automation in abstract interpretation. I will present several different approaches to creating correct-by-construction analyzers. Somewhat surprisingly, this research has recently allowed us to establish connections between our problem and several other areas of computer science, including machine learning, knowledge compilation, data integration, and constraint programming. Fellow (2005) . In 2013, Reps was elected a foreign member of Academia Europaea.
